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Auditory brainstem response (ABR) technology is used to set up a fish auditory

threshold detection system, and the auditory threshold of wild yellow grouper

Epinephelus awoara caught in the Taiwan Strait is studied. The ABRs of 10 wild

yellow groupers (TL150-200 mm) to 12 different frequencies of sound

stimulation from 100 to 2000 Hz are recorded and analyzed. The results show

that the auditory threshold of wild yellow grouper fish increases with the increase

of frequency in the frequency of 200-2000Hz. The fish is sensitive to low

frequency sound signal of 100-300Hz with the most sensitive frequency of

200Hz, and the auditory threshold is 90 dB re 1mPa. The ABR waveform shows

three periods: response period, real hearing period and extension period. In the

range of 100-2000Hz, the response time decreases with the increase of

frequency at the same sound pressure level. At the same frequency, the

response time increases with the decrease of sound pressure level. The first

amplitude sound pressure of real hearing period is between 50-150nv, and the

real hearing period contains the greatest amplitude. When the greatest amplitude

is about 50nv and the next sound pressure level is below 50nv, the sound

pressure level is the auditory threshold. The extension period is proportional to

the response period.

KEYWORDS

auditory brainstem response, auditory threshold detection, Epinephelus awoara, wild
type, Xiamen city
1 Introduction

The rapid development of marine engineering and aquaculture industry has produced

a lot of noise, which has a great impact on marine animals. In 1998, Kenyon first applied

Auditory Brainstem Response (ABR) technology to fish auditory threshold detection.

Compared with the traditional auditory test method, the ABR technique is a repeatable
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technical means with no long-term behavior, no fish harm (Kenyon

et al., 1998). It is a widely recognized research method now. But as

an important economic fish, there is little research on yellow

grouper’s auditory thresholds so far, and the impact of noise on

grouper is lack of scientific data (Fay, 2009; Hildebrand, 2009;

Popper and Hastings, 2009). In this study, the wild yellow grouper

caught in the Taiwan Strait is used as a research object, and the ABR

technique is used to set up an auditory threshold detection system.

These results may provide the scientific basis for coastal

construction operations and for farmers to adjust the sound

intensity of production operations (Kight and Swaddle, 2011; Liu

et al., 2019).
2 Materials and methods

2.1 Materials

The wild yellow groupers are caught from a custom-made net

around the Gulangyu Island (24°26′48″N,118°03′47″E) in Xiamen,

Fujian Province, with a total length of 150-200mm and a body mass

of 200-300g (Table 1). The fishes are placed in a 60cm*50cm*50cm

oxygen tank, transported to the laboratory within 1h. And then are

temporarily kept in a 150cm*60cm*60cm, 22°C circulating seawater

glass tank covered with black cotton cloth around, with an ultra-

quiet oxygen generator, under normal light. Feed fishes with

shrimp, crab larvae and custom feed during the period of

temporary cultivation.
2.2 Set up the auditory threshold
detection system

Refer to Kenyon’s research method (Kenyon et al., 1998), using

the Tucker-Davis Technologies (TDT) system (TDT) to complete

(1) audiometry system; (2) underwater sound measurement system;

(3) anesthesia system (Table 2).
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Prepare 20L seawater solution by adding 3-Aminobenzoic acid

ethyl ester methanesulfonate (MS-2-2-2) to sea water according to

20g/L (Zhang et al., 2018); Preparation of five concentration of

muscle relaxant solutions by using Gallamine triethiodide and

distilled water: 0.25mg/ml, 0.5mg/ml, 0.75mg/ml, 1mg/ml,

1.25mg/ml each 10ml; Install the acrylic cylindrical experimental

tank with a diameter of 30cm and a height of 40cm and a

micromanipulator, place two layers of sound insulation pads

under the experimental tank, hold one-third of quartz sand

inside, and bury all the speakers in sand. Filled the tank with

prepared seawater solution, all metal equipment needs to be

grounded (Figure 1).
2.3 Anesthesia pretest

Under the premise of ensuring fish’s respiration, first anesthetize

with 3-Aminobenzoic acid ethyl ester methanesulfonate to reduce the

respiratory rate, and then inject a certain concentration of gal iodide

solution to avoid the noise potential produced by large-area

contraction of fish muscles, but not block the ganglion and

releasing histamine (Zhang et al., 2015; Zhang et al., 2016).

Prepare 5 bottles of 1L seawater solution with anesthetic;

prepare 1 bottle of 1L ordinary, and place 5 experimental fish in

5 bottles containing anesthetic seawater solution (1 fish each bottle)

and let stand for 10 minutes, until the fish body cannot maintain a

normal balanced posture. Five concentrations of Gallamine

triethiodide solution (0.25mg/ml, 0.5mg/ml, 0.75mg/ml, 1mg/ml,

1.25mg/ml) are prepared, and distilled water is set as a blank control

group. Distilled water and 0.1ml of different concentrations of

Gallamine triethiodide are injected into the base end of the first

dorsal fin of each experimental fish, and the fish are placed in

ordinary 1L seawater for 5 minutes; Observe and record the state of

the fish, when the fish just can’t maintain the swimming posture, the

optimum concentration of Gallamine triethiodide is determined

(Pan et al., 2017). The experimental results are shown in Table 3.
2.4 ABR record

Use MS-2-2-2 to prepare 20L and 1L seawater at a

concentration of 20mg/L, place the experimental fish into the

prepared 1L seawater and let stand for 10 minutes, wait until the

fish cannot maintain a normal balanced posture. Inject 0.1ml of the

prepared Gallamine triethiodide solution at a concentration of 1mg/

ml, and put it back into the prepared 20L seawater and let stand for

5 minutes. Wrap the fish body with gauze and clamped with a clip

of the micromanipulator, leak out the gill cover, the electrode is

inserted vertically, and the skull of the inserted electrode portion is

exposed to the water surface. Ensure that the experimental fish can

breathe normally. Nail polish is applied to the exposed part of the

metal electrode to insulate it from water.

Electrode position: the positive pole is inserted vertically in the

midline of the skull, the depth is about 5mm; the negative pole is

inserted vertically in the middle of the nostril, the depth is about
TABLE 1 Data of total length and body mass of wild yellow groupers in
the experiment.

Number Total Length (mm) Body Mass (g)

1 155 235.2

2 196 288.6

3 161 251.5

4 165 263.6

5 192 280.8

6 159 248.7

7 178 271.5

8 185 277.3

9 186 278.7

10 198 297.4
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2mm; the ground electrode is placed in seawater close to the fish

body (Figure 1). After each frequency measurement, stop the

experiment for 5 minutes to rest the fish. During the rest time,

replace the seawater in the tank with a peristaltic pump, so that the

oxygen concentration can ensure the normal breathing of the

experimental fish. A hydrophone (bk8103, Denmark) is placed

close to the outside of the inner ear of the experimental fish to

record the sound pressure level at which the fish hear the sound.

The speaker (UW30, frequency response range 19-5000 Hz) is

buried in quartz sand, 20cm directly below the experimental fish,

and connected to the power amplifier (D-75A, CROWN).

In the experiment, tone burst is used as the stimulus acoustic

signal which consists of two sine waves of equal strengths with the

same frequency but 180˚ out of phase with each other (Figure 2).

The signal frequencies start from 100 Hz and ranges from 100 Hz to

2 kHz. The duration of each signal is 10 ms and is repeated 1000

times. A track of 2000 stimulus signals can be obtained to eliminate

measurement errors, the sound pressure level of the stimulus signal
Frontiers in Marine Science 03
starts from 140 dB, decrementing by 2dB each time, and the ABR

waveform is plotted (Figure 3). When it approaches the threshold, it

is decreased by 1 dB each time. The auditory threshold of a certain

frequency, the maximum amplitude range is generally 50-80nv, and

the maximum amplitude of the next sound pressure level will

generally below 50nv (the ambient noise signal frequency sound

pressure below 50nv can be ignored, Figure 4).
3 Results

ABR waveforms are obtained in all ten experiments on yellow

grouper. The yellow grouper is more sensitive to low frequency

sound signals. The most sensitive frequency range is 100-300 Hz,

where hearing threshold is 92dB at 100Hz, 90dB at 200Hz, and

94dB at 300Hz. With the increase of sound frequency, yellow

grouper’s hearing sensitivity decreases, the sensitivity to sound

above 300Hz is poor, and the hearing threshold reaches to more
FIGURE 1

Auditory threshold detection system.
TABLE 2 Main experimental instruments.

Equipment name Manufacturer Model

Audiometry Room China shenyang Shielding Room Factory Shuangding 112

TDT-RZ6 America Tucker-davis Technoldgies RZ6

Electrical signal amplifier America Tucker-davis Technoldgies RA4L1

Pole Xi’an Friendship Medical Electronics CO. Ltd NE-S-2500/13/0.4

Experimental flume Self-made Cylinder 40cm*40cm

Hydrophone Denmark Bruel-Kjaer B&K8103

Hydrophone power amplifier Denmark Bruel-Kjaer B&K2906

speaker Mexico Eleclro-voice UW30

Speaker Power Amplifier America Crown D75A
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than 100dB. The hearing thresholds of 10 yellow groupers are

averaged to obtain the ABR curve of this fish (Figure 5). The ABR

curve first decreases and then increases within the measured

frequency range of 100~2000 Hz. The hearing threshold increases

with the increase of sound frequency above 200Hz, of which the

threshold difference between 300-400Hz is the largest, which is

13dB; the rise of the threshold value in 700-2000Hz frequency band

slows down.

The ABR waveforms of groupers can be divided into three

types: One is the ABR waveform of low-frequency signal at 100-

300Hz, which fluctuates relatively gently from baseline. The second

type is the ABR waveform at 300-500Hz. Firstly, it produces a

negative peak relative to the baseline. On this negative peak, several

small negative peaks may appear, followed by a positive peak

relative to the baseline. The third type is the ABR waveform at

500-2000Hz, first with a positive fluctuation relative to the baseline,

followed by a slow negative peak.

The yellow grouper ABR waveform appears in three periods:

response period, real hearing period, and extension period (Figure 6).

Control group and Experimental group are set in the

experiment. Control group: The auditory brainstem response

waveform of dead fish and fish in quiet state both showed

amplitude below 50nv.

Response period: The time from the recording to the stimulus

signal waveform to the presentation of an obvious waveform

(trough or peak), the maximum value of the waveform before the

end of the response period is less than 50nv, and the amplitude of

the first waveform after the end of the response period is between

50nv-150nv;

Real hearing period: After the end of the response period, the

time from the beginning of the formation to the end of the stimulus
Frontiers in Marine Science 04
waveform. The first waveform amplitude in the real hearing period

was between 50nv and 150nv;

Extension period: From the end of the real hearing period until

the maximum amplitude of all waveforms is below 50nv;

In the range of 100-2000Hz, at the same sound pressure level,

the ABR response time of yellow grouper decreased with the

increase of frequency. The response period is 2-10ms. At the

same frequency, the response time increases with the decrease of

the sound pressure level, about 0.8-1ms increase with 10dB sound

pressure decrease. At the end of the response period, the waveform

presents a trough, and then enters the real hearing period. The real

hearing period includes the maximum amplitude. When the

maximum amplitude sound pressure value of a certain amplitude

is between 50-60nv, and the maximum sound pressure level of the

next sound pressure level is less than 50nv, the sound pressure level

at this time is determined as threshold for the experimental fish’s

hearing. Generally, the ABR curve is clearer when the sound

pressure level is above 10dB more than the hearing threshold.

During the real hearing period, the number of clear peaks of the

ABR = frequency/100+1; the extension period is consistent with the

response period time. It increases as the response period

time increases.
4 Discussion

To determine the animal’s neuropotential change, 2 kinds of

stimulation signals with opposite phases and same amplitude can be

used. If the evoked waveform shows a waveform independent of the

phase of the stimulus sound and the amplitude is below 1000nv, it

indicates that the potential change is correct ABR waveform. In

theory, the sound signals of opposite phases superimposing each

other can eliminate the interference of the ambient noises in the

ABR waveform (Zhang et al., 2016). However, due to experimental

conditions, such as the resonance of the experimental tank and the

reflection of the sound, etc., some noises cannot be completely

eliminated after superposition, and there are still some residuals of

the noises, but the characteristics of the sound artifacts are that the

wave fluctuations are parallel to the baseline. The ABR waveform,

after superimposed, shows a positive or negative peak relative to the

baseline fluctuation, which is similar to the results of Kenyon’s

auditory threshold study in the goldfish (Carassius auratus)

(Kenyon et al., 1998; Yan and Curtsinger, 2000).
FIGURE 2

Opposite phase sound waveform. (A) the phase 90° sound waveform; (B) the phase 270° sound waveform.
TABLE 3 Gallamine triethiodide injection physiological response data.

Concentration (mg/ml) Anesthesia
duration (h)

Respiratory rate
(times/min)

Control group 0 40

0.25 0 35

0.5 2 33

0.75 5 26

1 6 21

1.25 Die after 1 minute 65
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The experiment requires extremely strict environmental

condition. The first thing to be solved is the interference of power

frequency noise. Manufacturing a metal shielding room can greatly

reduce this interference. At the same time, all metal equipment

must be completely grounded, so a part of power frequency

interference can be filtered out. The sound produced by the

speaker mainly depends on the sound pressure vibration, while

the fish’s perception of the sound or mechanical wave mainly

involves the sound pressure perception or particle movement

displacement perception (Yang et al., 1999; Takahito et al., 2005).

For hearing-sensitive fish, the connection (or relatively close)

between inner ear and swim bladder, improves the sensitivity of

sound pressure perception (Fine et al., 2009), also increases the

upper limit of hearing threshold. Therefore, the hearing ceiling of

hearing-sensitive fish can reach several thousand hertz. Fishes,
Frontiers in Marine Science 05
lacking connection between inner ear and swim bladder are more

sensitive to low-frequency particle movements, such as groupers,

while fishes without swim bladder are only sensitive to particle

displacement (Yan, 2003). ABR is more suitable for the auditory

threshold study of sound pressure sensing fish, while the low

frequency sound signal involves more particle displacement

signals in addition to the sound pressure signal (Lu, 2004;

Radford et al., 2012; Wang et al., 2018).

At present, the hearing research data of the grouper is very

scarce. In 1999, Yang et al. used electrocardiogram (ECG)

technology to study the auditory threshold of the seven-band

grouper (Epinephelus septemfasciatus); In 2019, Liu Bin et al. used

the ABR technique to study the auditory threshold of the pearl

gentian grouper (Epinephelus fuscoguttatus ♀ × Epinephelus

lanceolatus ♂) (Liu et al., 2019). The results showed that in the
frontiersin.or
FIGURE 3

Schematic diagram of the wild yellow grouper ABR waveform. (A) Schematic diagram of 100Hz; (B) Schematic diagram of 200Hz; (C) Schematic
diagram of 300Hz.
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frequency range of 100-1000Hz, the auditory curve of these two

groupers are “U-shaped”. In this study, the hearing curve of the

yellow grouper is very similar to that of the above reported two

groupers. But the optimal hearing frequency and threshold are

different, which may be related to the size and source of the test fish.

It is also related to the differences in fish hearing detection

techniques used in the two studies. According to the results of

Takahito’s et al. (Takahito et al., 2005). Using ABR and ECG

technique to determine the auditory threshold of the carp
Frontiers in Marine Science 06
(Cyprinus carpio), the most sensitive frequency measured by ABR

is 505Hz, while the most sensitive frequency measured by ECG is

1000Hz. Although the shape of the auditory curve obtained using

ABR technology and ECG technology is similar, the threshold level

is different.

We also carried out the auditory threshold detection of

marbled rockfish (Sebastiscus marmoratus), and the results

obtained were consistent with Zhang’s research results (Zhang

et al., 2018). In Zhang’s research, the interference sound signal
FIGURE 4

ABR waveform (100Hz). (A) the waveform of auditory threshold 92dB; (B) the waveform of 91dB; (C) the waveform of dead fish 1.
FIGURE 5

Auditory threshold curve of wild yellow grouper.
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reflected from the water environment is relatively large. In this

study, the method of embedding the speaker with quartz sand

reduces the agitation of the speaker to water and sound signal

radiation. And ABR curve of marbled rockfish is clearer. The ABR

waveform characteristics of marbled rockfish are basically

consistent with the ABR waveform characteristics of yellow

grouper. ABR waveform also showed three periods: response

period, real hearing period and extension period (Figure 7).

Generally, the amplitude of this point is less than 50nv relative
Frontiers in Marine Science 07
to the baseline; the extension period begins at the end of the real

hearing period, and the end is generally after the maximum

waveform amplitude value does not exceed 50nv.
Data availability statement
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FIGURE 7

ABR three-cycle waveform of marbled rockfish (100Hz, 102dB).
FIGURE 6

Auditory brainstem response three periodic diagrammatic sketch of wild yellow grouper. (A) 100Hz, 102dB three periodic diagrammatic sketch; (B)
200Hz, 102dB three periodic diagrammatic sketch; (C) 300Hz, 102dB three periodic diagrammatic sketch.
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